Methods

Imaging procedure and the optical setup:
The sample is illuminated by a white LED driven with a 3V CR2032 coin battery. A 120-grit ground glass diffuser (DG05-120, Thorlabs, Inc, Newtown, NJ) between the LED and capillary tube ensures uniformity of illumination across the imaging field of view (FOV). Objects within this FOV are imaged onto the active area of the cellphone camera (Sony IMX135, 1.12μm pixel pitch, 4208x3120 pixels) by using a 4-f imaging system. This 4-f imaging system is formed by using the built-in lens unit of the cellphone camera with an effective focal length (EFL) of 4.2mm and an external aspheric lens with diameter 6.33 mm, numerical aperture 0.64 mm, and effective focal length 4.03 mm (87-161, Edmund Optics, Barrington, NJ). The spacing between the camera lens and the external lens is adjusted as the summation of their focal lengths (~8.23 mm). Also, the ratio between these focal lengths provides approximately unit magnification (M = 4.2/4.03 = ~1.04), and this ratio sets the effective pixel size of the imaging optics on the object plane as ~1.17μm. Working with this effective pixel size provides a sufficient sampling rate for reliable localization of objects and does not reduce the FOV, which spans entire depth of the capillary tube (1 mm) without aberrations. The alignment of the imaging system was experimentally optimized to maximize the resolution and minimize optical aberrations (Pincushion distortions, chromatic aberrations, and vignetting). Images were captured using the stock camera application that comes standard with the Samsung Galaxy S4. Autofocus was used to focus images by manually selecting the region of confinement.
